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NUTRITIONAL INTERVENTION COMPOSITION 
CONTAINING A SOURCE OF PROTEINASE INHIBITOR 
EXTENDING POST MEAL SATIETY 

m 

Related Applications \ 

This is a continuation-in-part of^iLl No. 09/624,922, filed July 25, 2000, and 
Serial No. 09/626,007, filed July 26, 200^w^ch is a continuation of provisional 
application Serial No.60/145,892 filed onl^y 27,1 999. 

Field of the Invention 

The present invention relates to a nutritional intervention composition for 

extending satiety following a meal. More particularly, the nutritional intervention 

composition includes protein, long chain fatty acids and, preferably, calcium to 

stimulate the secretion of cholecystokinin (CCK) which is a gastrointestinal peptide 

hormone and a source of proteinase inhibitor which inhibits deactivating enzymes 

thereby extending elevated levels of CCK for a longer period of time. 

Background of the Invention 

Over the last forty years there has been extensive research conducted on 
mechanisms that would extend satiety following the ingestion of a meal. 
Compositions that would effectively extend satiety following a meal would be of 
significant benefit in programs of weight reduction and control. Research into 
mechanisms for weight loss and control has focused on three areas. Because the 
brain plays an essential role in the control of appetite, researchers have looked at 
various neurotransmitters, specifically serotonin, dopamine and norepinephrine. A 
number of prescription and over-the-counter products have been developed which 
influence these neurotransmitters, thereby reducing appetite. However, reducing 
appetite pharmacologically has a number of drawbacks, including a decrease in the 
efficacy of the medication over a period of time. Drugs that affect neurotransmitters 
also affect the central nervous systems and can cause jitteriness and anxiety. In 
addition, these agents can produce cardiovascular effects that may have very 
serious consequences. 
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A second approach has focused on slowing gastric emptying thereby creating 
a feeling of fullness. This approach utilizes insoluble fibers, which slow the 
movement of food through the gastrointestinal tract. The disadvantage in the use of 
such fiber is that the quantities needed to produce the desired effect create an 
unpalatable diet as well as numerous gastrointestinal side effects including bloating, 
gas and diarrhea. 

A third approach has focused on means of stimulating the body's satiety 
mechanism. Cholecystokinin (CCK) is a peptide released following the consumption 
of food. It is reported in the literature that an injection of CCK in animals elicited the 
total range of satiety behavior. When food is consumed, a peptide is released called 
Cholecystokinin Releasing Protein (CCK-RP). Cholecystokinin Releasing Protein 
stimulates the release of cholecystokinin in the gut which, in turn, increases satiety. 
When cholecystokinin is released, it also stimulates the release of enzymes that 
inactivate CCK-RP. The inactivation of CCK-RP causes the level of CCK to drop 
and, therefore, diminishes the feeling of satiation. Studies have shown that CCK is 
extremely effective in extending satiety following ingestion of a meal. Although CCK 
has been shown to extend satiety and reduce food intake, a major disadvantage is 
that it must be given intravenously because it is inactivated by gastric enzymes upon 
oral administration. This has severely limited its use as a potential weight loss 
agent. 

Release of cholecystokinin has also been shown to be a satiety signal in 
humans. In 1981 , researchers demonstrated that an injection of CCK decreased 
food intake by 16 percent. The subjects did not alter their rate of eating, but rather 
stopped eating sooner, which would be the expected result if cholecystokinin were a 
satiety signal. The results in humans confirmed the laboratory findings that CCK is 
an important agent in terminating the meal. CCK levels in man peak within 20 
minutes following a meal and usually return to baseline in about one hour. Although 
the full mechanism whereby CCK exerts its effect on satiety is not known, there 
appears to be two components, a central component involving CCK receptors in the 
brain and a peripheral component involving the stomach and small intestine. 
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When food is consumed, CCK releasing protein (CCK-RP) is released in the 
small intestine. CCK-RP stimulates CCK release from intestinal cells. The release 
of CCK generates the behavioral symptoms associated with satiety and at the same 
time stimulates the pancreas to secrete a number of proteases, specifically trypsin 
and chymotrypsin, which inactivate CCK-RP. When trypsin and chymotrypsin are 
inactivated by addition of a proteinase inhibitor, the inactivation of CCK-RP is 
prevented thereby sustaining the levels of CCK. Studies have shown that 
proteinase inhibitor extracted from potatoes stimulates the release of CCK. The 
ability of CCK to reduce appetite would appear to make it an extremely useful agent 
in treating obesity. In a weight management program, stimulation of CCK would 
result in a reduction of hunger cravings between meals. These effects would enable 
an overweight individual to better comply with a diet that requires a reduced caloric 
intake. The literature has shown that CCK release can be stimulated by protein, 
calcium and long chain fatty acids. 

A number of nutritive agents can stimulate the release of cholecystokinin. 
Researchers have shown that protein, fat (particularly medium chain fatty acids), 
and calcium stimulate the release of CCK. The literature has also shown that oral 
administration of a proteinase inhibitor from potatoes produced a marginal decrease 
in energy intake when administered with a small amount of carbohydrate. A 
subsequent study showed that when a proteinase inhibitor (1 .5 grams) was 
combined with dietary protein (15.5g) and a small amount of unspecified fat (0.7g), 
the composition decreased energy intake. However, there was no statistically 
significant difference compared to the control in subjective ratings of hunger and 
fullness at 3 hours. Thus, the study shows that this mixture did not provide an 
extended effect on post meal satiety. Post meal satiety is defined as the interval 
between meals during which a subject is satiated and there is no food intake. 

Increasing post meal satiety in a cost effective manner would be an important 
benefit in helping an individual lose weight by lengthening the interval between 
meals thereby reducing additional consumption of calories. There is a definite need 
in the art for a cost effective, safe nutritional intervention composition that can be 
taken orally. Since proteinase inhibitor is expensive to extract and purify from 
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potatoes, it follows that it would be a decided advantage for such a nutritional 
composition to take advantage of the positive effect of a proteinase inhibitor yet 
reduce the amount of proteinase inhibitor required to produce that effect. 

Compositions that stimulate satiety are known. U.S. Patent No. 4,833,128 
discloses the oral administration of phenylalanine in conjunction with protein, 
carbohydrate and fat to stimulate satiety. It is disclosed that when a dietary 
supplement containing phenylalanine is consumed fifteen minutes prior to a meal, it 
generates a feeling of satiety resulting in reduced food consumption. However, the 
presence of phenylalanine in the disclosed preparations limits their use in patients 
with phenylketonuria. Finally, the patent makes the statement, alluding to a 
literature citation, that the appetite suppression of CCK may be merely temporary 
resulting in a limited satiety effect, possibly followed by a "rebound" of weight gain. 

U.S. Patent No.4,491 ,578 discloses the oral administration of a trypsin 
inhibitor to enhance satiety by stimulating the release of CCK. This patent teaches 
that the negative feedback signal for cholecystokinin secretion results from the 
release of trypsin from the pancreas. The administration of a therapeutically 
effective quantity of trypsin inhibitor blocks the trypsin released from the pancreas 
thereby interfering with a negative feedback mechanism. The disclosed composition 
relies solely on a trypsin inhibitor to stimulate CCK whereas both trypsin and 
chymotrypsin are involved in inactivating CCK-RP and in fact it has been shown that 
chymotrypsin plays a more important role inhibiting CCK release. The composition 
only blocks trypsin, whereas the nutritional intervention composition of the present 
invention includes proteinase inhibitors that block trypsin as well as chymotrypsin, 
thus providing more effective CCK release in humans. 

There is a definite need in the art for a nutritional intervention composition 
that can be taken orally, stimulate cholecystokinin levels prior to the initiation of a 
meal and sustain cholecystokinin levels and satiety for an extended period following 
consumption of a meal. There is a further need in the art for a nutritional 
intervention composition that works with proteinase inhibitor to provide a greater 
release of CCK resulting in an extended effect on post meal satiety. Such 
compositions are provided in accordance with the present invention. 
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Summary of the Invention 

In accordance with the present invention, there is provided a nutritional 
intervention composition in powder form that is taken prior to a meal and extends 
satiety after a meal in a fashion that is efficient in terms of the number of added 
calories. The nutritional intervention composition includes one or more proteins, 
certain long chain fatty acids and a source of proteinase inhibitor, preferably also 
including a source of calcium. The nutritional intervention composition of the present 
invention is intended to be mixed with liquids, preferably water, to form a drink prior 
to ingestion. 



Brief Description of the Figures 

Further features, and advantages of the present invention will become 
apparent upon the consideration of the following detailed description of the presently 
00 preferred embodiment when taken in conjunction with the accompanying drawings, 



; as 

r s ** 

u 15 wherein: 



j£ f Figure 1 is a graph showing a comparison of hunger ratings over time 

6 between a control beverage and the nutritional intervention composition of the 

fji present invention. 

pf Figure 2 is a graph showing a comparison of fullness ratings over time 

□ 20 between a control beverage and the nutritional intervention composition of the 
present invention. 



Detailed Description of the Invention 

The nutritional intervention composition of the present invention is based on 

25 the surprising discovery that by combining specific nutritional agents, including one 
or more proteins, long chain fatty acids with a proteinase inhibitor, preferably further 
including a source of calcium, satiation following a meal can be extended for up to 
about 3.5 hours. Further, by combining these nutritional agents with a natural 
source of proteinase inhibitor, it is possible to achieve this extension of satiety 

30 without preparing a purified extract of the proteinase inhibitor, thereby achieving the 
desired extension of satiety in a cost-effective manner. 
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The proteinase inhibitor component of the subject compositions is preferably 
a heat stable protein that may be extracted from potatoes and has a molecular 
weight of approximately 21 ,000. The proteinase inhibitor may be added in the form 
of ground whole potatoes or components of potatoes that include it. Alternatively, 
the proteinase inhibitor may be sourced from other plant sources, such as soybeans, 
other beans, and tomatoes. It is both a trypsin and chymotrypsin inhibitor, with its 
critical functionality being that it stimulates the release of cholecystokinin. A method 
of extraction of a proteinase inhibitor of the present invention from potatoes is 
described in Bryant, J., Green, T. R., Gurusaddalah, T., and Ryan, C. A. (1976), 
Biochem. 15, 3418. 

The subject nutritional intervention, in addition to the proteinase inhibitor, is 
comprised of at least one protein and certain long-chain fatty acids, preferably 
further including a source of calcium, all of which have been shown to stimulate the 
release of CCK. The subject compositions preferably additionally contain 
conventional additives such as flavoring ingredients, coloring agents, artificial 
sweeteners, emulsifiers and the like. The nutritional intervention compositions of the 
present invention are efficient form a caloric standpoint as they typically have a 
calorie content of 50 to 150 calories, preferably about 80 calories. 

The protein component of the subject compositions may be one or a mixture 
of essential amino acids, but is preferably one or more of casein, whey and soy 
proteins. The protein component comprises from about 63 to about 74 weight 
percent of the subject compositions. The long chain fatty acid component of the 
subject compositions comprises from about 18 to 25 weight percent and consists of 
at least one C12-18 fatty acid, preferably at least one Ci 8 fatty acid, most preferably 
oleic acid. A preferred composition is predominately, i.e. at least 50 weight percent, 
oleic acid with the remainder being comprised of other C12-18 fatty acids. Sources of 
oleic acid include babassu oil, butter oil, cocoa butter, coconut oil, safflower oil, 
soybean oil, palm kernel oil, peanut oil and the like. 

The proteinase inhibitor component of the subject nutritional intervention 
compositions may be a purified extract from a natural source, such as potatoes. 
However, as stated above, it is preferred for cost considerations that it not be 
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present as a purified extracted material, but as a source of proteinase inhibitor that is 
commercially available and which, on the average, contains about 10 weight percent 
of proteinase inhibitor. It is a distinct advantage of the subject compositions that 
such sources may be utilized with the beneficial effect of the proteinase inhibitor. In 
addition to potatoes, such sources may be from soy and beans as well. The 
proteinase inhibitor source is present in an amount sufficient to provide from about 
0.16 to about 0.63 weight percent of the purified material. Since the sources 
contemplated for inclusion in the subject compositions contain about 10 weight 
percent of the purified material, the subject compositions will comprise from about 
1 .6 to about 6.3 weight percent of the proteinase inhibitor source 

The calcium source may be selected from those calcium salts commonly 
utilized in food and medicinal compositions including, without intended limitation, 
calcium lactate, calcium carbonate, calcium citrate, calcium maleate, calcium citrate 
maleate and any suitable equivalent thereof. It is preferred to have the calcium 
source present as it has been shown to be effective in stimulating CCK release. The 
source of calcium, if present, comprises from about 3.7 to 4.5 weight percent of the 
subject compositions. 

The nutritional intervention compositions of the present invention may include 
a flavor component for imparting a characteristic taste thereto consisting of water- 
soluble, natural or artificial extracts that including, without intended limitation, apple, 
banana, cherry, cinnamon, cranberry, grape, honeydew, honey, kiwi, lemon, lime, 
orange, peach, peppermint, pineapple, raspberry tangerine, watermelon, wild cherry 
and equivalents thereof. The flavor component, if present, typically comprises from 
about 1.8 to 2.3 weight percent of the compositions. 

The subject nutritional intervention compositions may further include a 
colorant component for imparting a characteristic color to the nutritional intervention 
composition selected from the group consisting of water-soluble, natural or artificial, 
dyes of blue, green, orange, red, violet, and yellow; iron oxide dyes, ultramarine 
pigments of blue, pink, red, and violet and equivalents thereof. The coloring 
component typically will be present in a sufficient quantity to impart the desired color 
to a liquid preparation prepared from the subject powder compositions. While this 
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may vary with the individual color, typically less than 0.5 weight percent is utilized to 
obtain the desired color. Artificial sweeteners, such as aspartane, and emulsifiers 
suitable for food products, such as lecithin, are each utilized in an amount sufficient 
to impart its characteristic property to the composition. The artificial sweeteners will 
typically be present in from about 0.2 to 0.3 weight percent of the subject 
compositions. 

The present invention provides for a nutritional intervention composition in a 
powder form for extending satiety following a meal. The nutritional agents are 
protein, long chain fatty acids, calcium, a source of proteinase inhibitor, flavoring 
agents and coloring agents. The following table illustrates the subject nutritional 
intervention compositions showing both the amount in grams that might be present 
in a typical single meal package as well as the weight percent. 



Inqredient 




Range 


(gm) 


Ranae (%) 


Source 


Lower 


Upper 


Lower 


Uppe 


Protein 


Casein, whey, 
soy, essential 
amino acids 


4 


20 


63.3 


74.0 


Long chain 


Oleic acid, 


1 


8 


18.5 


25.3 


fatty 


C12-C 18 fatty 










acids 


acids 










Calcium 


Lactate, 

Carbonate, 

Citrate 


0.2 


1 


3.7 


4.5 


Proteinase 


Potato, soy, 


0.1 


2 


1.6 


6.3 


Inhibitor 1 


beans 










Flavors 




0.1 


0.5 


1.8 


2.3 


Artificial 


Aspartame 


0.01 


0.1 


0.2 


0.3 


sweeteners 












Total Weight in Grams 


5.41 


31.6 







includes approx. 10% by weight of proteinase inhibitor 

The nutritional intervention compositions according to the present invention 
are to be taken prior to a meal for enhancing satiety before the meal and extending 
satiety following the meal. By "prior to the meal" is meant typically not more than 
about thirty minutes prior, preferably not more than fifteen minutes prior to the meal. 
As a matter of individual preference, some individuals may wish to take the present 
compositions with the meal, preferable at the beginning thereof. The subject powder 
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compositions are dissolved in or dispersed in a suitable liquid to be administered. 
While liquids such as skim milk and fruit juices may be utilized, it is preferred that the 
liquid be water, as it adds no calories to the mixture. 

The subject compositions are useful in a program of weight loss and 
management. Typically, an effective amount of the subject nutritional intervention 
compositions for a single pre-meal administration comprises from about 5 to 30 
grams. Such amounts may be conveniently individually packaged or may be 
formulated such that they will be readily dispensed using common household 
measures, e.g. by the teaspoonful or tablespoonful. This amount of powder 
composition can readily be combined with a conveniently measured amount of 
liquid, for example, eight ounces of water. 

The following experimental results further illustrate the invention, it being 
understood that they are in no way intended to be limiting thereon. 

Experiment 1 - Consumption of the Nutritional Intervention Composition of the 
Present Invention Prior to a Meal 

Twenty four moderately obese subjects (19 female, 5 male) with a mean age 
of 43.5 years, body weight equals 87.1 kg (range 63-1 14) and BMI = 31 .5 (range 25- 
39) were randomized in a double blind cross over design. On two separate 
occasions, the subjects were administered either a control preparation containing 
polydextrose or one containing the nutritional intervention composition of the present 
invention. Both compositions were mixed with 8 oz of water and contained 80 
calories. Following consumption of either drink, the subjects consumed a meal 
consisting of 460 g (385 cal) of macaroni and beef casserole. The subjects were 
permitted fifteen minutes to consume their meal. The subjects were asked to rate 
their hunger, fullness and thirst using a visual analog scale before and after drinking 
the beverage, before and after eating the meal and every fifteen minutes for three 
and one half hours following the meal by answering the following questions: 

1 . How hungry do you feel right now? 

2. How thirsty do you feel right now? 

3. How much food would you like to eat right now? 
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A two way repeated measure analysis of variance was used to evaluate the 
effect of the nutritional intervention composition of the present invention. 
The results showed: 

1 . Hunger ratings (Figure 1 ) following ingestion of the nutritional intervention 
composition were significantly decreased throughout the post meal measurement 
period reaching a 30% decrease by 3 hours post meal (p=0.033). 

2. Fullness ratings (Figure 2) were significantly greater beginning 3 hours post 
meal showing a 30% increase (p=0.043). 

3. No differences in subjective ratings of thirst were observed. 

These results demonstrate that consumption of a nutritional intervention composition 
containing proteinase inhibitor prior to a meal reduced hunger and extended satiety 
following the meal. The nutritional intervention drink composition of the present of 
the present invention consumed in the test had the following composition 

Nutritional Drink Composition 



Constituent Grams Weight Percent 

Whey Protein 13.00 71.5 

Non-Dairy Creamer 4.00 22.0 
containing 50% 
oleic acid 

Calcium Lactate 0.67 3.7 

Flavor 0.16 0.9 

Color 0.04 0.2 

POT2 1 0.30 1.7 

Total 18.17 100 



1 POT 2 contains approx. 10% by weight of proteinase inhibitor 

Experiment 2 - Effect of the Nutritional Intervention Composition of the Present 
Invention on Satiety and Weight Loss over Four Weeks 

This study was conducted with 21 female subjects having a mean BMI =31.2 
(27-35.8) and mean age = 30.9. During the diet period, the subjects drank 8 oz. of 
the nutritional drink composition twice daily, fifteen minutes before lunch and dinner. 
The effect of the nutritional drink composition on satiety was measured in a 
laboratory before and in the fourth week of the diet. On one occasion the subjects 
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drank 8 oz of the beverage containing the nutritional intervention composition of the 
present invention and the control beverage (matched for volume and energy) on the 
other occasion. Following consumption of either drink, the subjects consumed a 
standardized meal consisting of approximately 400 calories. The subjects were 
permitted fifteen minutes to consume their meal. The subjects were asked to rate 
hunger and fullness using a computer before and after drinking the beverage, before 
and after eating the meal and every fifteen minutes for three and one half hours 
following the meal. The subjects were asked to give their ratings to the same 
questions as set out in the description of Experiment 1. 

A two way repeated measure analysis of variance was used to evaluate the 
effect of the nutritional intervention composition of the present invention. The results 
of the study show after four weeks: 

1. Hunger ratings (Figure 4) were 32% lower 3 hours after consuming the nutritional 
drink composition than the control (p<0.01). 

2. Fullness ratings (Figure 5) were 9% higher after consuming the nutritional drink 
composition than the control (p<0.05). 

3. Weight loss was significant, 4.4 lbs in four weeks (p<0.001). 

4. There were no adverse reactions to the nutritional drink composition. 

5. The subjects reported that the nutrition intervention composition helped them 
reduce their food intake. 

These results demonstrate the effectiveness of the present invention over a 
30-day period and by extending satiety results in significant weight loss. 

A latitude of modification, change, and substitution is intended in the 
foregoing disclosure, and in some instances, some features of the invention will be 
employed without a corresponding use of other features. Accordingly, it is 
appropriate that the appended claims be construed broadly and in a manner 
consistent with the spirit and scope of the invention herein. 
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